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ABSTRACT: In this study, the effects of borax pentahidrate minerals as a replacement material on
properties of ordinary Portland cement (OPC) mixtures were investigated. Experimental studies were carried
out on the physical and chemical properties such as setting time, specific gravity, chemical compositions,
compressive strength and bending strength tests of OPC and borax mixtures. In addition, the experimental
test results obtained from these mixtures were compared with the control mix for OPC 42,5 R. Experimental
results showed that borax mineral can be used as replacement material up to 10% of OPC in the concrete

mixes.

1. INTRODUCTION

In recent years, utilization of various types of waste
materials such as coal fly ash (FA), tincal ore
wastes, coal bottom ash (BA), municipal solid
waste, silica fume, and others for their use in the
production of cement and concrete has been the
subject of several investigations (Kula et al., 2002;
Maiko and Pistilli, 1984; Wei et al.,, 1994;
Demirbas and Karlioglu, 1995, Conceand et al.,
1981; Toutanji and Bayasi, 1999). In addition, many
important raw materials have been used in concrete
production. However, most of these raw materials
are becoming more expensive. Nevertheless, this
has created an increase in the number of researchers
interested in waste and raw materials, which one of
the research material is boron minerals or
compounds are increasingly used in many new areas
or in applications. In this study, borax mineral
obtained from the Etibor Co. Kirka Borax Mine-
Concentrator Plant was used in place of concrete
production. This research show that produced
concrete with borax mineral subjected to certain
physical and mechanical tests to find out the
changes with the borax mineral addition.
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2. MATERIAL AND METHODS

In this study, borax pentahidrate (Na2B40,.5H,0)
obtained from the Etibor Co. Kirka Borax Mine-
Concentrator Plant. The borax was dried at 378 K
for 72 hours in oven. Then, the borax was added to
cement in ratio of 0%, 10%, 30%, and 50% by
weight of the cement, respectively. In the
laboratory tests, 350 kg/m’ of cement, 1173 kg/m’
of coarse aggregate, 504 kg/m’ of fine aggregate,
and 210 kg/m’ of tap water were used. Water
cement ratio (W/C) was kept as fix value, which
was about 0.60. In this process, the borax was
mixed with a class of 42,5 R OPC, aggregate, sand
and tap water according to the ASTM C305.

Grading curve of OPC and borax mixtures are given
in Figure 1. According to this grading curve, four
different mixtures (0%, 10%, 30%, and 50%) were
prepared in different proportions in order to obtain
the well compressive strength concrete. Each slump
value of the concrete mixes of fresh concrete was
measured for determining of the concrete
workability. These values varied from 10 to 70 mm
for all samples. It was used the dimensions of the
casting mould as a 150x150x150 mm. The concrete
samples were prepared for 1, 7, 28, and 56 days for
measuring compressive and flexural strength tests.
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Three samples were prepared for each of concrete
mix with different proportion, thus the average
value of these was accepted as a mean compressive
and flexural strength value of the samples. All the
laboratory tests were performed by the American
Society for Testing and Materials (ASTM). The

physical and chemical properties of the borax and
OPC were determined in the laboratory of Anadolu
University, Eskisehir and the results are shown in
Tables 1 and 2, respectively.
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Figure 1. Grading curve of OPC and borax mixtures.
Table 1. Chemical compositions of boraks pentahidrat and OPC.
Borax (%) OPC (%)
Boron Oxide (B,0,) 47.26 -
Silica (Si0,) 12.46 21,34
Alumina (AI203) 393 6,29
Iron Oxide (Fe,0,) 0.13 4,41
Lime (CaO) 1.12 60,26
Magnesia (MgO) 2.23 2,43
Titania (Ti0,) 0.01 0,65
Soda (Na,0) 21.85 0,03
Potash (K,0) 0.31 0,56
Sulphates (SO3) 0.01 1,87
Table 2. Physical properties of borax pentahidrat and OPC.
Borax OPC
Specific gravity -1.88 3,03
Loss on Ignition (%) 6.13 1,64
CEC (meq/100g) 27.45 19,32
EC (mS/cm) 3.46 4,17
pH 9.46 11,15
Particle Size
Fine Sand (0.475-0,075) 5 5
Silt (0,075-0,002) 71 61
Clay (less than 0,002) 26 34
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3. RESULTS AND DISCUSSION

As a result of the experiments given in Table 1, the
chemical composition of borax, the total percent of
three oxides (Si02+Ah03+Fe203) were found
16,5%. Also, boron oxide (B,0,) was found 47 %.
Physical properties of borax are given in Table 2.
The specific gravity was found 1.88 g/cm’, cation
exchange capacity was found 27.45 meq/100g and
the remaining of borax on the 2 mm sieves was
found 95%.

The compressive strength of the samples was
determined at the age of 1, 7, 28 and 56 days,
respectively, according to ASTM C109 (Figure 2.).
The compressive strength of the cement mixtures is
a property that this property directly relates to the
structure of the concrete. As it can be seen from
Figure 2, the 28 day compressive strength for
control sample was 61 MPa. However,
experimental results showed that the strength of the
samples mixtures age 56 days made with the ratio
of 10%, 30%, and 50% borax measured as 43, 35,
and 23 MPa, respectively. If Figure 2 examined
well, the variation of compressive strength with
curing time for borax that the experimental result
obtained from the  different = OPC-Borax
combinations made with 0%, 10%, 30%, 50%,
respectively, decreases with increasing amount of
borax ratio in the mixtures for all of examples ages.
It was found that the compressive strength of
concrete was decreased when the Borax ratio
increased. This is a result of fines and remains of
organics materials in borax. So, it can be say that
the influence of cement content is more effective in
the concrete mixtures.

The flexural strength of the samples was measured
at the age of 1, 7, 28 and 56 days (ASTM C348),
made with 0%, 4%, 7%, 10%, respectively and
shown in Figure 3. When the proportion of borax
and OPC mixed in a different ratio, it was seen that
the flexural strength value decreases. Figure 3
shows the result of flexural strength how it is
changed with the different mix ratio. While the ratio
of borax and OPC mixed as 10% Borax+90% OPC,
the flexural strength it was decreased from 7 MPa
to 5 MPa compared by the control samples (100%
OPC). Generally, according to the Figure 3, flexural
strength values are increasing with the curing time.
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Figure 3. Variation of flexural strength of borax
with time.

The setting time is important for concrete mixtures.
Initial and the final setting time tests were
conducted according to ASTM C191 and the result
were shown in Figures 4 and 5 for borax and OPC
mixtures. Increasing amount of the borax ratio of by
weight, the cement mixtures setting time was
currently reduced. When borax ratio is 0%, the
initial and the final setting time is 95 and 490
minute, respectively. Also, while borax ratio is
increased to 50%, the initial and the final setting
time are decreased 46 and 315 minute, respectively.
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Figure 5. Variation of final setting time with the borax content.

The Figure 6 explains the variation of slump with
borax content. Fresh concrete specimen test were
carried out to determine workability of the concrete
with borax. The results were shown that workability
decreased in parallel to an increase in the ratio of
borax. The amount of decrease between control
samples and mix ratio of 50% of borax was 85%.
The reason is that the water absorption ratio of

466

borax was much higher. Figure 7 shows that the
unit weight decreased in concrete mix when borax
ratio increased. While the ratio of borax and OPC
mixed as 50% Borax+50% OPC, the unit weight it
was decreased from 2400 kg/m’ to 2100 kg/m’.
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Figure 6. Variation of slump with the borax content.
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Figure 7. Variation of unit weights with the borax content.
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4. CONCLUSION

In this study, borax pentahidrate (Na2B407.5H20)
was used in concrete as replacement materials in a
certain ratio instead of OPC. In the concrete
specimens, it was observed from the experiments
that while the amount of borax ratio increases, the
compressive strength, flexural strength, setting
time, unit weight, and workability decreased.

The total decreases value of compressive strength
between control sample and 10% borax ratio is
approximately 39%. On the other hand, the decrease
of flexural strength value between control sample
and %10 borax ratio is about %33. According to
these results, it can be said that the ratio %10 borax
is used safely. So, 10% cement replacement
materials can be replaced by borax pentahidrate in
the concrete mixes are acceptable suitable for
different engineering applications.

REFERENCES

Conceand, M., George, CM. and Sorrenrio, F.D.,
1981, A new steel slag for cement manufacture:
Mineralogy and hydraulicity, Cem. Concr. Res.
11,85-102.

Demirbas, A. and Karslioglu, S., 1995, The effect
of boric acid sludges containing borogypsum on
properties of cement, Cem. Concr. Res. 25,
1381-1395.

Kula, I., Olgun, A., Sevine and V., Erdogan, Y.,
2002, An investigation on the use of tincal ore
waste, fly ash, and coal bottom ash as Portland
cement replacement materials, Cement and
Concrete Research 32, pp.227-232

Majko, R.M. and Pistilli, M.F., 1984, Optimizing
the amount of class C fly ash in concrete
mixture, Cem. Concr. Aggregates 6, pp. 105-
109.

Toutanji, H.A.and Bayasi, Z., 1999, Effect of curing
procedures on properties of silica fume concrete,
Cem. Concr. Res. 29,497-501.

Wei, L., Naik, T.R. and Golden, D.M., 1994,
Construction materials made with coal

468

combustion  by-products, Cem. Concr.
Aggregates 16,36-42.



H.Uluslararas: Bor Sempozyumu, 23-25 Eyliil 2004 Eskisehir Tiirkive

Emet-Kiitahya icme Sularinda Arsenik Diizeyi, Onemi ve Bor Yataklari ile liskisi

Arsenic Level in Drinking water, Importance and Relevance to Boron Reserves

N. Orug
Eskisehir Odunpazari ve Biiyiiksehir Belediyesi Meclis Uyesi, 10 F Blok, D:8 Yenikent, 26050 Eskisehir

OZET: Yurdumuzda cok énemli Bor yataklarina sahip olan ve yaklasik 20.000 kisinin yasadigi Emet ilce
merkezine 1990 yili baslarinda iller Bankasinca getirtilen Sucikti (Malil.veMali2.) kaynaklarinda ilgili
yonetmelikte verilen sinir degerlerin tizerinde arsenik bulundugu degisik kuruluslar tarafindan yapilan
analizlerle ortaya cikmustir. Bankaca 1993 yilma kadar yapilan su analizlerinde arsenik bulunmadigi rapor
edilirken yine Bankaca 1993-2001 yillan arasinda ayni su kaynaklan tizerinde yapilan analiz sonuglarina
gore bulunan degerler asagida topluca verilmistir.

Arsenik Derisimi ( Mikrogram / L)

Kaynak Minimum Maksimum Ortanca Sinir Degeri
Malil.(n=8) 150 634 448 50 (1984)
Mali2.(n=9) 48 633 384 10 (1997)

Bu degerlerin igme sulan icin yurdumuzda 1984 ve 1997 yillannda 6ngoriilen simr degerlerin ¢ok tstiinde
oldugu goriilmektedir. Bolgenin jeokimyasal yapisi ilizerinde yiirlitiilen cok sayida arastirma sonuclan
dikkate almarak bu su kaynaklanndaki arsenik Kkirliliginin su toplama havzasindaki kolemamt bor
yataklannda bulunan realgar (AsS) ve orpiment (AS2S3) gibi arsenikli minerallerle ilgili oldugu
varsayllmistir. Emet kolemanit yataklanm arsenikge zengin oldugu cok evvelinden bilindigi halde
aragtirmact ve yatinmct kuruluslar arasindaki iletisim noksanligi nedeniyle 1990 yili baslannda ilge
merkezine getirilen sagliga zararli su tiketimi ti¢ yil kadar Once olayin basma yansimasi sonucu
yasaklanmistir.Emet ilce ve koylerinde gerekli saglik taramasinin yapilmasi ve ilce merkezine ve gerekli
gortilebilecek diger yerlesim birimlerine en kisa zamanda saglikli su getirilmesi Onerilmistir.

ABSTRACT: The largest colemanite reserves occur around the Emet Town which is located in the midwest
of the Anatolia. Two natural spring water sources (Mahl.and Mali2) were supplied to the town (population
of 20 000) about 14 years ago.

Arsenic Levels (microgram / L)

Source Minimum Maximum Median MCL*
Malil.(n=8) 150 634 448 50 (1984)
Mali 2. (n=9) 48 633 384 10 (1997)

*MCL, Maximum contaminated levels

The results of the water analyses, as given above, carried out by the Bank of Provinces, indicated that these
two natural water sources contained much higher levels of arsenic than MCL set in Turkey. About seven
years ago the MCL was lowered to 10 microgram/L, from the 50 microgram/L,standart established in 1984.
Hence, use of these waters was prohibited on Oct. 2001. It was reported in the literatiire that geochemical
examinations of the Emet borate deposites contained As and S bearing minerals such as: realgar (AsS) and
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orpiment (As2S0 as scattered nodules in the colemanite formations.And consequently high levels of As in
the natural waters was considered to be associated witfi the dissolution of these minerals occuring in the

Emet water catchment area.

1. GIRIS

Dogada c¢ok diigiik diizeylerde ve yaygin olarak
bulunan arsenik dogal ve endiistriyel etkiler sonucu
birikerek cevre ve insan sagligina zararli olabilecek
diizeylere ¢ikabilir. Arsenik birikimine neden olan
dogal olaylar ; volkanizma faaliyetleri ve arsenik
iceren kayaglann zamanla ayrigmasi, antropojenik
etkiler ise basta bakir,kursun ve cinko olmak tizere
stlfiiriic  minerallerin cikartilmasi  ve islenmesi,
arsenik iceren tarimsal miicadele ilaglariin ve fosil
kokenli yakitlarin yaygin bir sekilde
kullan1 imasidir.Dogada birgok kayag icerisinde iz
elementi olarak bulunan arsenik, realgar, (AsS)
orpiment (As2S1) ve arsenoprit (FeAsS) gibi
silfliriti minerallerin yapisinda yogun olarak yer
alir. Normal dagilim olarak topraklarda 0,1-0.5
mg/kg, bitkilerde 0,1-1,0 mg/kg kimi hayvan
dokularinda 0,1-0,5 mg/kg dogal sularda ise 0,2-1,0
mikrogram/L, arsenik bulunmaktadir. Arsenik
cozeltiler icerisinde Arsenit (As™) ve Arsenat (As”
) anyon kompleksleri seklinde bulunmaktadir. Ug
degerlikli arsenigin bes degerlikli arsenige gore
saglik  acisindan cok daha toksitk  olugu
bilinmektedir. Ayrica igme sularindaki inorganik
arsenik bilesiklerinin besinler igerisinde bulunan
organik arsenik bilesiklerine gore cok daha zehirli
oldugu kabul edilmektedir (Arsenic,1981 ).
Arsenikce zengin ortamlarda solunum yoluyla
arsenik alimi yaninda, arsenik derisimi yiliksek igme
sularinin  uzun siireli  tiiketimi halinde insan
saghigini olumsuz yonde etkilemesi gliniimiizde
kiiresel boyutta 6nem tasimaktadir.

Bu calismanin temel amaci Emet Merkez ilce Su
Kaynaklarinda belirlenen yiiksek arsenik diizeyi ile
yagis havzasindaki kolemanit bor rezervi icerisinde
bulundugu belirtilen arsenik mineralleri arasindaki
olast iliskiyi literatiir taramasi yaparak ortaya
koymak ve konunun oOnemini arastirmaci ve
yatinmei kuruluslarin dikkatine sunmaktir.
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/. 1. Arsenik ve Saglik

Arsenik bilesikleri gegmis yillarda frengi (syphilis),
frengi benzeri (yaws) ve amipli dizanteri (amoebic
dysentry) gibi hastaliklarin tedavisinde
kullamlmistir. Glintimiizde de diinya 6lceginde yilda
75,000 - 100,000 ton dolayinda arsenik uretildigi
ve bunun yaklasgik %80'inin tarimsal miicadele
ilaclarinda, tomruk ilaclamasinda ve veteriner
ilaclarinda kullanildig: bildirilmektedir
(Tchounwou ve ark., 2003). Buna karsin arsenik ve
bilesiklerine maruz kalan bazi endemik yorelerde
toplum saghiginin ¢ok olumsuz yonde etkilendigi
belirtilmektedir. Arsenik bilesiklerinin solunum
yolu ile almmasmin akciger kanserine neden
oldugu, ilag, gida ve Ozellikle icme suyu yoluyla
alman arsenigin ise basta deri, solunum yolu,
karaciger ve idrar yollarina iligkin saglik sorunlarina
ve neticede kansere de neden olabilecegi, ayrica
seker hastaligi, kalp-damar ve sinir sistemi
hastaliklarmma da yol actigr ileri stirtilmektedir
(Tchounwou ve ark., 2004).0Ozellikle Banglades,
Bat1 Bengal, Cin, Tayvan ve Arjantin gibi tlkelerin
kimi yorelerinde igme suyu olarak tiiketilen yer alti
sularinda 50 mikrogram/L  lizerinde arsenik
bulunmasi nedeniyle basta deri lezyonlart (
keratosis, pigment alterations) olmak Tlizere ¢esitli
hastaliklarin tespit edildigi cok sayida arastirmact
tarafindan bildirilmistir (Mazumder ve ark., 1998;
Karim,2000; Anawar ve ark., 2002; Zhang ve ark.,
2002 ; Faries ve ark., 2003; Yang ve ark., 2003;
Saha, 2003; Manzurul ve ark.,, 2003; Short
Course,2003).

1.2. Ieme Sularinda Arsenik Diizeyi ve Onemi

Dogal kaynak sularinda arsenik icerigi genellikle 10
mikrogram/L'nin  altindadir.  Ancak arsenikge
zengin minerallerin bulundugu jeolojik yapilarla
temasta olan yer alt1 sularinda arsenik iceriginin ¢ok
yiikksek diizeylere cikabildigi Cizelge 1 de
gortilmektedir (Nordstrom,2002 ).
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Cizelge 1. Degisik Ulke veya Bolge Yer alt1 Sularinda Arsenik Kirliligi,

Ulke veya Etkilenebilecek Derigim
Bolge insan Sayist Mikrogram/L
Banglades 30,000,000 < 1- 2500
Bat1 Bengal 6,000,000 < 10-3200
Vietnam > 1,000,000 1-3050
Tayland 15,000 1-5000
Tayvan 100,000-200,000 10-1820
¢ Mongolistan 100,000-600,000 < 1-2400
Arjantin 2,000,000 <'1-9900
Sili 400,000 100-1000
Brezilya 0,4-350
Meksika 400,000 8-620
Almanya 10-150
Macaristan ve

Romanya 400,000 <2-176
ispanya >50,000 <1- 100
ingiltere <l - 80
Gana < 100,000 <1-175
B.Amerika ve

Kanada

Cevre

Sartlan

Dogal; alluvial/ delta
Benzer ortam

Dogal ; alluvial sedimentler
Antropojenik; madencilik

Dogal;kiy1 bolgeler
Dogal;alliivial ve gol

Cokelleri.

Dogal, 16s ve volkanik kayaclar
sicak su kaynaklan

Dogal ve antropojenik;volkanik
sedimentler;kapali havzaiar.sicak
su kaynaklari,madencilik

Altin madenciligi

Dogal ve antropojenik; volkanik
sedimentler.madencilik

Dogal;mineralize kumtas1
Dogal; alluvial sedimentler
Dogal; alluvial sedimentler

Madencilik;Gtineybati Ingiltere

Antropojenik vedogal,altin
Madenciligi

< 1- >] 00,000 Dogal ve antropojenik;

madencilik, pestisitler,As2 03
yiginlan,sicak su kaynaklari,
alluvial, kapali havza goélleri,
gesitli kayaclar

2. EMET (KUTAHYA ) tCME SUYU
KAYNAKLARINDA ARSENIK DUZEYI

sonucu Mali Deresi kaynaklan 1994 yilinda iller
Bankasinca sebeke suyuna baglanmustir. Bu kaynak
sulannda Bankaca 1993 yilina kadar yapilan bu ¢ok

Yurdumuzun en O6nemli bor rezervi ve analizlerde arsenik bulunmadigi lapo1
isletmelerinden (konsantre kolemanit , 500,000 lon edilirken, 1993-2001  yillann  aiasinda aym su
yil .Rafine bor ; 100,000 ton yil ) birinin bulundugu kaynaklannda yapilan analiz sonuclanna goie

Emet'te ilce merkezinin artan icme ve kullanma
suyu ihtiyactm karsilamak {izere iller Bankasinca
2000 yilinda niifusun 20,000 kisi olacagi kabulii ile
(23L/sn) su saglanabilmesi icin yapilan ¢alismalar
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bulunan arsenik degeileri Cizelge 2 de topluca
verilmigtir (Emet, 2001 ).
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Cizelge 2. Emet Igcme Suyu Kaynaklarinda Arsenik Diizeyi ( mikrogram / L)

Kaynak Minimum Maksimum Ortanca Sinir Degeri
Mali 1.(n=8) 150 634 448 50 (1984)
Mah 2.(n=9) 48 633 384 10 (1977)
halkinda el ayasi ve ayak tabaninda ileri derecede
Cizelge 2 de verilen analiz sonucglan; Tirk deri bozukluktan (keratosis ) oldugunu saptamuistir.

Standartlarinda  (TS-266/Haziran,1984)  arsenik
diizeyi icin  verilen 50  mikrogram/L'nin
iizerindedir.Bu arada Diinya Saghk Orgiitii
(WHO)ve bazi bati tlkelerinde oldugu gibi
yurdumuzda da bu deger 10 mikrogram/L ‘ye
cekilmistir.( Dogal, Kaynak, Maden ve i¢me Sulan
ile Tibbi Sularmn Istihsali, Ambalajlan mast ve
Satisi Hakkinda Yonetmelik -Resmi Gazete
18/10/1997, Say1:23144).En son Ankara Refik
Saydam  Hifzisthha Merkezi Laboratuvannda
yapilan analizde Mahl, ve Mali2. su kaynaklarinda
arsenik diizeyi sirasiyla 462.4 mikrogram/L ve
401.6 mikrogram/L olarak verilmistir (Rapor tarihi
ve sayist: 27/03/2002-176). Insan saghgi acismdan
¢ok Onem tastyan bu sorunun ¢oéziimii icin ilgili
Belediye ve diger Kamu Kuruluslar arasinda 10 yili
asan kargilikli resmi yazismalar devam ederken
olayin basina yansimasi (Hiirriyet, 21/10/2001.,
Tirkiye , 21/10/2001., Aksam, 25/10/2001 ) tizerine
yaklastk 1i¢ yil Once bu sularin tiiketilmesi
kaymakamlikca yasaklanmistir.

Emet ilce merkezinde Aralik 2001 igerisinde yazar
tarafindan yapilan incelemede saghik yetKkilileri
icme sulanndaki arsenik nedeniyle halk arasinda
herhangi bir siipheli vakaya rastlamadiklanni
sOylemislerdir. Ancak yurdumuzda aspest nedeniyle
ortaya cikan akciger ve kann zan kanserini
(mezotelyoma)ilk defa arastiran Bang (2003)
Emet'de Hisarcik Bor Rezervine cok yakin olan
igdekdy de yaptign incelemede koyiin eski igme
suyundaki cok yiiksek arsenik nedeniyle koy

2.1. Kolemonit-Arsenik Iliskisi

Emet'de; Hamamkoy, Hisarcik, Espey ve Killik
lokasyonlannda  goOrliniir ve muhtemel bor
rezervinin  110.000.000 ton civannda oldugunu
Etibank 'a atfen kaydeden Helvact ve Firman
(1977),aynca Emet vadisinde bor yataklanm ilk
defa inceleyen Ozpeker' e atfen de Hisarcik
bolgesinde realgar ve orpiment minerallerinin
bulundugunu belirtmislerdir. Emet bolgesi bor
yataklan lizerinde c¢ok detayli jeokimyasal
arastirmalar yapan Helvaciya (1984)gore, bor,
arsenik ve kiikiirt elementlerinin kaynagi biiylik bir
olasilikla;

a) Akarsular tarafindan borat havzasindan
tasinan  tersiyer volkanik kayaglann aynsma
Uriinleri,

b) Volkanik kiillerin dogrudan dogruya borat
havzasina depolanmasi ve
c) Termal kaynaklar ile ilgili bulunmaktadir.

Yine Helvaciya gore (1986) Emet tortullannda
tifler, tiffitler ve killer arasinda tam bir gegis yer
almakta olup bu durum bunlarin jeokimyasina da
yansimistir. Biitiin bu tiifler, tiiffitler, killer ve kireg
taslan bagil olarak yiiksek bor , arsenik, kiikiirt ve
stronsiyum Konsantrasyonlan ve yiiksek: Fe203
oranlan ile simgelenmektedir. Bor yataklarindan
alinan tif ve kil Orneklerindeki arsenik dagilimi
Cizelge 3' te verilmistir (Helvaci, 1986 ).

Cizelge 3. Tiif ve Kil Orneklerinde Arsenik Diizeyi ( ppm).

Ornek Minimum Maksimum Ortalama
Tif(n=8) 436 4572 1507
Kil (n=7) 237 19487 2791

Degisim Standart Sapma
4136 1495
19250 6281
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Bor yataklarinda degisik diizeylerde Mg, Sr ve As
bulundugunu kaydeden Helvaci ve Orti (1998)
realgar ve orpiment minerallerini olusturan arsenik
ve kiikiirtiin volkanik orijinli olma olasiigim
yeniden vurgulamislardir. Emet kolemanit yataklan
arasinda bulunan Hisarcik ve Espey bolgeleri
cevherlerinin bilhassa arsenik icerikleri bakimindan
farkliik gosterdikleri ve genel olarak Hisarcik
cevherlerinde 1000-3000 ppm.,Espey cevherlerinde

ise 600- 1000ppm arsenik bulundugu rapor
edilmistir (Eti Bor,2001). Incelenen tiim bu
bulgularin 1siginda  Emet c¢evresindeki  yagis

havzasint olusturan arsenikge zengin jeolojik bir
yapidan siiziilerek ortaya ¢cikan Malil. ve Mah?2. su
kaynaklarinda arsenik diizeyinin yiiksek ¢ikmasinda
bolgenin jeokimyasinin biiylik Olciide etkili oldugu
varsayilmistir.Dis satimlarda cevherdeki ve borik
asitteki arsenik diizeyinin miimkiin  oldugu
kadar(<50ppm)az olmasi istenmektedir. Bu nedenle
de bor ve tirevlerindeki arsenik derisirmnin
istenilen degerlerin altina cekilmesi kirk yil kadar
once giindeme gelmis ve Emet'den alinan tiivenan
cevherde degisik liniversitelerce bazi arastirmalar
yapdmustir(Cakaloz ve ark., 1969; Kayadeniz ve
ark.,1979;Atak ve ark.,1998;Savas:,1998;Koca ve
ark., 2003) .Emet kolemanit yataklarinin arsenikce
zengin oldugu 6zellikle 1990 yili 6ncesi de bilindigi
halde arastirmaci ve yatirimcei kuruluslar arasindaki
iletisim noksanligi ! nedeniyle,1990 yili baslarinda
arsenikce zengin kaynak sularinin Emet [lce
Merkezine getirilmis olmasi ¢ok dusiindiiriicii bir
olaydir. Igcme sularindan arsenik giderilmesi icin
Onerilen metodlar a)Demir ve alliminyum
bilesikleri ile adsorbsiyon- ¢okelme, b)Aktif
aliiminyum, aktif karbon ve aktif boksit tarafindan
adsorblanma, c)Ters ozmos ve d)iyon degisimi
seklinde 6zetlenebilir (Viraraghavan ve ark., 1999;
Gregor, 2001; Katsoyiannis ve ark.,2002;
Chakravarty ve ark.,2002). Bu arada B.Amerika
Cevre Koruma Teskilatinin (EPA) icme sulannda
izin verilen arsenik diizeyini 50 mikrogram/L'den
10 mikrogram/L'ye indirme karan bazi tartismalara
neden olmustur. Burnet ve Hahn'a (2001) gore
insanlar icin cok az diizeylerde gerekli olabilecegi
diigliniilen arsenik, ancak igcme sulan ile yiiksek
dozda ve uzun siirelerde alindiginda kansere neden
olabilmektedir. Bu uygulamanin; arsenik diizeyini
%80 oraninda azaltmak igin Ongorilen teknik
yatinmlann diger saglik hizmetlerinden yapilacak
kesintilerle karsilanmasi nedeniyle fayda maliyet
acisindan ekonomik olamayacagi ileri siirtilmiistiir.
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3. ONERILER

1. Emet ve cevresindeki koyler de dahil tiim
yerlesim birimlerindeki igme, kullanma ve sulama
sulannda ve yorede yetistirilen tanmsal {irtinlerde
As,B,Cr,Ni,Cu,Zn,Sr,Ba,Ce,Pb,Th ve U gibi saghk
acisindan Onem tasityan elementlerin analizleri
yapilmalidir.

2. Emet ilce Merkezine en kisa zamanda saghikli
igme suyu getirilmelidir.

3. Emet ilce ve koylerinde detayli saglik taramasi
yapilmalidir.

Not: Emet ve c¢evresinde 25-27/06/2004 tarihleri
arasinda Eskisehir OGU Jeoloji Miih. Bol. Bask,
Prof. Dr. Kadir Sariizin de katilimi ile yapilan
incelemede FEmet Belediye Baskani Cemal oztiirk
Kopriicek mevkiinde DSI tarafindan acilan sondaj
kuyusunda bulunan saglikli suyun ilce merkezine
getirilmesi icin gerekli calismalara baslandigini
bildirmistir.

Tesekkiir: Emet - Bor yataklari iizerindeki
arastirmalarindan genis dlgiide yararlanmami
saglayan  Sn.Prof.Dr. Cahit HELVACIya ve
hazirladiklart raporiar: degerlendirme izni veren
liler Bankasi ve Emet Belediyesine tesekkiir ederim.
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